Biofilm mode of growth is bacterial lifestyle widespread in microbial world and represents a concern in health care. Recently, serious problem concerning biofilm-related infection is increasing significantly. However complexity of biofilm makes it difficult to conduct proper analysis. Although biofilm represents a major challenge for microbiologist, methods aimed to determine biofilm formation and development are not standardized yet. The aim of the present review was to provide an overview of the advantages and disadvantages of the difference in vitro methods for determining biofilm forming ability of clinical isolates.
INTRODUCTION
Bacterial biofilms are complex, mono-or poly-microbial communities adhering to biotic or abiotic surfaces. This adaptation has been implicated as a survival strategy. The formation of biofilms is mediated by mechanical, biochemical and genetical factors. The biofilms enhance the virulence of the pathogen and have their potential role in various infections. This miniature ecosystem provides a safe home for the members of the community, where they are untouched by the counter-defense mechanisms of host immune responses, phagocytosis and antibiotic treatment. 1 Biofilm formation has been observed by most of the bacteria found in natural, clinical and industrial setup. A biofilm or slime, is regarded as microbial derived sessile communities characterized by the cells that are irreversibly attached to a substratum or to each other. 2 They are embedded in a matrix of extracellular polymeric substances (EPS) they have produced, and exhibit an altered phenotype with respect to growth rate and gene transcription.
Biofilms are notoriously difficult to eradicate and are a source of many recalcitrant infections. Microorganisms growing in a biofilm are more resistant to antimicrobial agents than planktonic cells. High antimicrobial concentrations are required to inactivate organisms growing in a biofilm, as antibiotic resistance can increase 1,000 fold. It has been well documented that biofilms add to the virulence of the pathogen. It has been estimated that the frequency of infections caused by biofilms, especially in the developed world, lies between 65% and 80% as per reports from Centres for Disease Control and Prevention (CDC) and National Institutes of Health (NIH), respectively. 3 Biofilm-related infection oftenly resulted in chronic and persisten infection. It associated with many medical conditions including indwelling medical devices-related infection, dental plaque, upper respiratory tract infections, lung infection, otitis media, peritonitis, otitis media and urogenital infections. Both Gram-positive and Gramnegative bacteria have the capability to form biofilms. Bacteria 4, 5 The interior of the bacterial biofilms presents greater resistance to the opsonization by antibodies and to phagocytosis, which explains the chronic character of these infections. Under certain circumstances such as deprivation of nutrition or a heavy shearing forces, detachment and dissemination of biofilm cells occurs resulted in the release and dispersal of bacterial cell from biofilm colonization. Therefore, biofilm formation of microorganism arises a great significance impact in many areas such as the emergence of antimicrobial resistance, persistent and recurrent infections, medical device-related infections. Many researchers reported that indwelling medical devices associated with biofilm-related infection (TABLE 1) . Moreover, the bacterial biofilm phenotype is a potential virulence factor which may contribute to the clinical relapse of infections. 6 TABLE 1. Indwelling medical devices associated with biofilm-related infection 6 Biofilm-related infection represents a major challenge in both microbiological and hygiene areas, the enumeration of the actual number of bacteria in biofilm, including approriate method for biofilm forming determination is still a great challenge for microbiologists. Considering the complexity and heterogeneity of biofilm structure, the exact objective of investigation must be taken into account. The capability of isolates to form a biofilm, amount of EPS, the total number of bacterial cells embedded in biofilm, the effective number of living bacteria in biofilm, or the antibiotic sensitivity pattern of biofilm cells compared than planktonic mode of growth, must be considered as different objective requiring different experimental approaches. Taking into account these considerations, in this paper, the simple assay as well as some sophisticated methods to determine bacterial biofilm forming ability are reviewed.
Detection Methods of Biofilm Forming Abilities
Accurate diagnosis is the key to better understanding the biofilm. The identification of biofilms in persistent infections may assist in deciding suitable therapies. A number of test are avalaible to detect biofilm production of microorganism, but they aren't wellstandardized yet. Basically, it can be distinguished into phenotypic and genotypic assay, or based on cell number quantification, it is divided into qualitative and quantitative methods.
Tube method (TM)
A qualitative assessment of biofilm formation was determined as previously described by Christensen et al. 7 It was a conventional assay using Trypton Soya Broth (TSB) inoculated with a loopful of microorganism from overnight culture plates and incubated for 24 hours at 37°C. The tubes were decanted and washed with Phosphat Buffer Saline (PBS) (pH 7.3) and dried. Furthermore the dried tubes were stained with crystal violet (0.1%). Excess stain was removed and tubes were washed off with deionized water. Tubes were than dried in inverted position and observed for biofilm formation. It was considered positive when a visible film lined the wall and bottom of the tube. It was found that some staphylococci formed a bacterial or slime layer on the walls of a culture tube, 7 but the assessment of the ability of the strains to form biofilm was observer dependent and highly qualitative. 8 
Congo Red Agar (CRA)
Tube method was not always successful for detecting weak slime production and variations in media may affect the result. 7 Congo Red Agar was used as new alternative method for detecting slime production by coagulase negative staphylococci and more reliable than Christensen method. 9 Freeman et al. 9 had described an alternative method of screening biofilm formation by Staphylococcus isolates; which requires the use of a specially prepared solid medium i.e. Brain Heart Infusion Broth (BHI) supplemented with 5% sucrose and Congo red. The medium was composed of BHI (37 gr/ L), sucrose (50 gr/L), Bacto agar (10 g2/L) and Congo red stain (0.8 gr/L). Congo red was prepared as concentrated aqueous solution and autoclaved at 121°C for 15 minutes, separately from other medium constituents and was then added when the agar had cooled to 55°C. Plates were inoculated and incubated aerobically for 24 to 48 at 37 o C. Positive result was indicated by black colonies with a dry crystalline consistency. Weak slime producers usually remained pink, though occasional darkening at the centers of colonies was observed. A darkening of the colonies with the absence of a dry crystalline colonial morphology indicated an indeterminate result.
Determination of biofilm forming using this media has also been shortcoming in variations in black pigment formation. However, modification on the agar constituent is hypothesized to improve the outcome on biofilm identity determination. Based on Mariana et al. 10 studying 100 isolates of MRSA, the phenotypic coloration on agar improved upon modification of agar ingredients, which is proposed by changing the concentration of Congo red dye and saccharose, omission of glucose. The reduction in the concentration of agar constituents resulted in permanent formation of intense black pigment in isolates with ica A and D genes, without any decreased in pigmentation over time. The agar constituent modification allowed stability of black pigment formation and also reduced agar preparation cost. Stable black pigment is an added value to the identification accuracy of biofilm-forming determination. 10 However, it was reported that CRA method showed very little correlation with either of tube or tissue culture plate method and the parameters of sensitivity (7.6 %), specificity (97.2%) and accuracy (51.3%) were very low. Screening on CRA does not correlate well with corresponding methods for detecting biofilm formation in staphylococci.
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Tissue Culture Plate method (TCP) and Crystal Violet (CV) staining
Tissue culture plate method is most widely used and was considered as standard test for detection of biofilm formation. It was aimed to quantify the biofilm more objectively. In this assay, microorganisms were grown in the wells of microtiter plates and may or may not form a biofilm on the bottom and the walls of the wells. Mostly, no defined adhesion step is used prior biofilm formation, since in most assays the microorganisms are directly suspended in growth medium. After removal of the planktonic cells and staining of the surface-attached cells with, for example, crystal violet, the amount of biofilm in each well is quantified by determining the absorbance of the stained biofilm. The absorbance of the stained biofilm can be determined directly or after solubilization of the retained stain and is used to classify ability of the strains tested to form biofilm. Optical density (OD) of stained adherent bacteria were determined with a micro ELISA reader at wavelength of 570 nm (OD570 nm). These OD values were considered as an index of bacteria adhering to surface and forming biofilms. Determination of biofilm formation to polystyrene petri dishes using crystal violet staining followed by spectrophotometric absorbance measurements was first performed by Fletcher et al. 12 Crytal violet staining is also one of the first methods adopted for biofilm biomass quantification. 13, 14 Basically, this method consists in staining negatively charged molecules by the basic dye crystal violet. Crystal violet binds indifferently to negatively charged bacteria and polysaccharides of the EPS. 15 After staining, the adsorbed CV is eluted using a solvent (e.g. ethanol or acetic acid). The amount of dye solubilised by the solvent is directly proportional to biofilm size. Crystal violet can be replaced by a more appropriate dye e.g. safranin or methylen blue. 15, 16 The limitations of this method are related to the low reproducibility of the method, i.e.: the experimental condition of biofilm growth, the specific nature and concentration of the solvent and the elution time, which very are crucial steps. Moreover, because both living and dead cells as well as biofilm matrix are stained by CV, this method provides no information on the actual number of living bacteria and therefore it is poorly suitable to evaluate the anti-biofilm efficacy of antimicrobial substances.
Crystal violet is most widely used for the staining of biofilm cells and its different concentrations were used by various workers. Two different concentrations of crystal violet stain (0.1% and 0.5%) were compared for staining of adhered fixed cells. Staining with A microtiter plate biofilm assay is often used to examine the ability of microorganisms to form biofilms, because of its simplicity and efficiency. However, different laboratories apply the assay in slightly different ways, which are unfortunately crucial to the results and conclusions drawn. Annet et al. 8 has recommended the solubilization of the retained stain by the biofilms using ethanol before measuring the absorbance since it has many advantage in better determination of biofilmforming strain, which is in line the report from Stepanovic, et al. 13 It is also demonstrated that the explicit inclusion of initial adhesion in the assay, as the first step in biofilm formation, yields more extensive biofilms than when biofilms were grown directly from a suspension in growth medium. When compared to TM and CRA methods, TCP can be recommended as a general screening method for detection of biofilm producing bacteria in laboratories. 18 It was found to be most sensitive, accurate and reproducible screening method for detection of biofilm formation and has the advantage of being a quantitative model to study the adherence of microorganism on biomedical devices. 11 In addition, electron micrograph images correlate well with the biofilm production as observed by TM while CRA is not recommended for investigation of biofilm formation in Staphylococcus aureus. 19 Dynamic conditions should be included as one of the key parameters in the study of in vitro biofilm formation in microtiter plates. 20 Ceri et al. 21 developed a variation of the traditional TCP model system to mimic real conditions in vivo biofilms. The Calgary Biofilm Device consists of a polystyrene lid with 96 pegs that can be fit into a standard 96-well microtiter plate, introducing an extra surface in the wells where the biofilm is to be formed and analyzed. This device is not prone to contamination and leakage, and it is more amenable to microscopic observation and control measurements. 22 Recently, a "well plate microfluidic" device that allows high-throughput screening of continuous flow biofilms was described 23 . This dynamic system consists of microchannels integrated into a microplate, where a pneumatic pump pushes fresh medium through the microchannel (containing the biofilm) from an inlet well to an outlet well (containing spent medium). In order to simulate biofilm formation on a specific surface, several materials like glass, silicone rubber, PVC and stainless steel can be used. 24 The flow cells that are most suitable to the simulation of industrial 13, 17 As listed in TABLE 2 and 3, the interpretation of biofilm production for staphylococci has been well-reported, whereas in general some researchers also showed the cut off value for other microorganism to determine the biofilm formation result.
biofilms often have two very important features: (1) use of a large number of coupons or adhesion surfaces for biofilm formation and (2) possibility of operation at high flow rates in regimes of high turbulence and shear stress. To perform an assay using this flow cells needs a skill-trained technician and this devices usually only availabel in certain biomedical engineering laboratory.
Confocal Laser Scanning Microscopy (CLSM)
Confocal laser scanning microscopy is an optical microscope equipped with a laser beam, particularly useful in biology and life sciences to study thick samples. 25 Confocal laser sanning microscopy technology make it possible to scan a thick biological sample, e.g. a microbial biofilm, by processing images, line by line, in X, Y and Z axes. Biological samples are often stained with specific fluorescent dye so that the fluorescent light from the illuminated spot is collected into the objective and transformed by a photodiode in electrical signal processed by a computer. The optical reconstruction of all the pixel information was assembled yielding a high contrast and high resolution threedimensional image. This technique has been widely used in the study of biofilm, especially to study EPS components and the biofilm cell itself. 2, 26 Using CSLM, the image of biofilm formed on various surfaces, even transparent or non transparent surfaces such as silicone, polyethylene or stainlsess steel, polymethyl metacrylat, can be depicted very well as shown in FIGURE 1. 27 The main limitations of this method are that CLSM allows only a semiquantitative investigation and that only few fluorescent stains can be employed simultaneously showing just a couple of component in the same image. 
Scanning Electron Microscope (SEM)
Scanning electron microscope is a wellestablished basic method to observe the morphology of bacteria adhered on a material surfaces, the morphology of the material surface, and the relationships between them. Scanning electron microscope has been used for enumeration of adhered bacteria or tissue large number of samples. It is as a key technique that provides also information about the morphology of biofilm and presence of EPS. Biofilm morphology and mass are important characteristics that control the kinetics of substrate removal by biofilms. Scanning electron microscope is a powerful technique for revealing the fine structure of living systems and has been applied to biofilms. 2, 28 It has also been of special importance in elucidating biofilm structure for understanding the physiology and ecology of these microbial systems. In general, application of SEM techniques may present many advantages, the more important are: (i) higher resolution of visualization microbial biofilms than other imaging techniques, typically 3.5 nm, (ii) able to measure and quantify data in three dimensions. However, this technique utilizes graded solvents (alcohol, acetone, and xylene) to gradually dehydrate the specimen prior to examination, since water of hydration is not compatible with the vacuum used with the electron beam. 29 While any pretreatment can alter specimen morphology, drying appears to significantly alter biofilms due to EPS polymers collapsing. The dehydration process results in significant sample distortion and artifacts; the extracellular polymeric substances, which are approximately 95% water and the liquid loss led them to appear more like fibers surrounding the cells than like a gelatinous matrix. Therefore, procedures are required which do not destroy the structure of the samples or cause artefacts. Coating with a conductive material, such as gold are necessary to overcome this problem.
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Environmental Scanning Electron Microscope (ESEM)
Environmental scanning electron microscope allows investigation of bacteria without any dehydration, fixation or coating of bacteria in the natural state. This is a clear advantage. Furthermore, three-dimensional visualization of the structures is sometimes limited. The standard electron microscopic technique used for the evaluation of ultrathin sections is transmission electron microscopy (TEM). An important advantage of TEM is its high resolution of down to 0.1 nm. 31 The indispensable fixation is typically carried out with glutaraldehyde or osmium tetroxide, which also stains lipids. A different option is cryofixation at -135 O C to help avoid artefacts. However, the contrast is rather low. Additionally, staining with heavy elements such as lead citrate or uranyl acetate for the purpose of contrasting is often required. Summing up, it may be stated that TEM is an excellent method for the visualization of bacteria and the surrounding extracellular matrix as well as of the conditioning film or the dental pellicle but it is a very time-consuming and complex technique. 30, 32 Nonetheless, due to its high resolution, TEM is still considered to be a gold standard in electron microscopy for biofilm images.
30
Fluorescence In Situ Hybridization (FISH)
Fluorescence in situ Hybridization technique is a genetic approach using oligonucleotide probes labelled with fluorescent dyes. These probes can be specifically designed to bind rRNA, particularly abundant in viable cells or to bind a specific molecule representative of a specific target of interest. A large number of intact ribosomes representing the biological activity of the tested cells is a prerequisite for this method, so that apparently only vital bacteria are stained. 30 Fluorescence in situ hybridization can detect viable but not cultivable bacteria or bacteria with low metabolism (dormant) in biofilm. It has the advantage that bacteria do not need to be cultured before detection and this would lead to a reduced time to identification of the infecting organism. 33 In clinical practice, FISH can be used in situations in which quick identification of the infection organism has an advantage in the treatment of the patient. Also, different studies have shown that not all of the bacteria in a specimen can be cultured because of some of the bacteria having entered a nonculturable state, the culture conditions not being suitable or the patient having already been treated with antibiotics. 34 Combining FISH technique with confocal laser scanning microscopy is possible for the identification and topographical visualization of different species in a multispecies biofilm. The principal disadvantages are related to the complex preparation procedure, limited number of oligonucleotide probes availability, staining only bacteria with intact membranes, and to the fact that the technique is time consuming and expensive. Moreover this technique provides highly specific identification of different bacterial species but semiquantitative results. 28 Another technique to visualize biofilm's presence directly from clinical sampel is reported by Hochstim et al. 35 by using hematoxylin-eosin (HE) staining. It is a reliable and available method for the detection of bacterial biofilm in chronic infectious disease. Histologically, biofilm appears as clusters of basophilic bacteria and host cells entrapped in a layer of extracellular polymeric substance resting on the surface epithelium. Because there is increasing evidence that biofilm plays an important role in many chronic diseases, it is important to identify easier and cheaper methods to study biofilm in clinical samples. In particular, the wide availability of HE staining of surgical specimens through clinical pathology laboratories makes this a highly practical method for detecting biofilm in clinical practice. 35 This assay can not identifiy and differentiate the bacterial composition of biofilm and just present an early screening of biofilm-related infection in clinical sampel.
Molecular technique : PCR and Real time PCR
Sophisticated molecular techniques are increasingly being used in many areas of microbiology. However, in the case of biofilms, application of such methods often destroys biofilm morphology or architecture due to the DNA/RNA extraction process. Polymerase chain reaction (PCR) is widely used as diagnostic method. In biofilm, this method allows to identify efficiently the presence of specific genetic sequences related to individual bacterial species which related to its biofilm production.
Nevertheless, PCR as such, is not suitable for quantitative studies of biofilm and, as amplifying indifferently DNA of both viable and dead cells, it cannot be used for enumeration of living cells. Moreover, due to its high sensitivity, false positive results can be expected from natural contamination. To overcome these problems, "Real Time Quantitative-Reverse Transcription-PCR" (qRT-PCR) has been adopted. The qRT-PCR is one of the most powerful and sensitive gene analysis techniques available at now. While in traditional PCR analysis, results are collected at the end of the reaction, during qRT-PCR, the fluorescent signal is measured in real time at each amplification cycle and is directly proportional to the number of amplicons generated.
Real Time PCR showed a meaningful tool to compare genes expression involved in biofilm formation of clinical isolates under different environmental exposure. Using these data, the regulation of biofilm formation can be studied more clearly.
27,36,37 FIGURE 2 shows gene expression of icaA in S. epidermidis strains in response to environmental signal. Drawbacks of this method are related to sample preparation that must be free from contaminants and/or PCR inhibitors and the choice of the primers sequence to overcome the amplification of gene sequence not functional for the purposes of the investigation. Other limitations of this method FIGURE 2. Study of gene expression of icaA in S. epidermidis strains in response to environmental signal, e.g. cinnamon oil. The normalized fold-expression of icaA in biofilms exposed to 0.01% cinnamon for 24 h (grey bars) was plotted against unexposed control biofilms (black bars). Y-axis revealed the expression of icaA gene, and X-axis represented the strain of S. epidermidis tested.
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CONCLUSION
Recently biofilm-related infection arise as serious problem in medical setting, mainly associated with frequent use of indwelling medical devices. In addition, biofilm research is still a challenging field of interest and the techniques for determination the presence of biofilm cell have undergone rapid progress. However, some of these promising techniques, such as AFM or ESEM, require costly equipment while for others, such as TEM or SEM, extensive preparation of the samples is necessary. The study of biofilm requires multiple approaches able to characterize the different aspects of biofilm. This short review reports only the most common methods used for determination of biofilm presence in vitro. Each of them shows advantages and disadvantages are due to the high costs and the difficulty of execution, requiring expensive scientific equipment and skilled technical staff. 2, 38 and allows the evaluation of a peculiar aspect of the biofilm.Therefore, the knowledge of the advantages and limitations of the different methods as well as the multidisciplinary expertise of the researchers are necessary prerequisites allowing the right choice of the methodologies to be used.
